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EXCECUTIVE SUMMARY 
 
In wastewater treatment plants based on anaerobic digestion, supernatant and outflows 
from sludge dewatering systems contain significantly high amount of ammonium. 
Generally, these waters are returned to the head of wastewater treatment plant (WWTP), 
thereby increasing the total nitrogen load of the influent flow.  
 
Ammonium from these waters can be recovered and commercially utilised using novel ion-
exchange materials. Mackinnon et al. have described an approach for removal and 
recovery of ammonium from side stream centrate returns obtained from anaerobic digester 
of a typical WWTP. Most of the ammonium from side streams can potentially be removed, 
which significantly reduces overall inlet demand at a WWTP. However, the extent of 
reduction achieved depends on the level of ammonium and flow-rate in the side stream.  
 
The exchange efficiency of the ion-exchange material, MesoLite, used in the ammonium 
recovery process deteriorates with long-term use due to mechanical degradation and use 
of regenerant. To ensure that a sustainable process is utilised a range of potential 
applications for this “spent” MesoLite have been evaluated. The primary focus of 
evaluations has been use of ammonium-loaded MesoLite as a source of nitrogen and 
growth medium for plants.  
 
A MesoLite fertiliser has advantage over soluble fertilisers in that N is held on an insoluble 
matrix and is gradually released according to exchange equilibria. Many conventional N 
fertilisers are water-soluble and thus, instantly release all applied N into the soil solution. 
Loss of nutrient commonly occurs through volatilisation and/or leaching. On average, up to 
half of the N delivered by a typical soluble fertiliser can be lost through these processes.  
 
In this context, use of ammonium-loaded MesoLite as a fertiliser has been evaluated using 
standard greenhouse and field-based experiments for low fertility soils. Rye grass, a 
suitable test species for greenhouse trials, was grown in 1kg pots over a period of several 
weeks with regular irrigation. Nitrogen was applied at a range of rates using a chemical 
fertiliser as a control and using two MesoLite fertilisers. All other nutrients were applied in 
adequate amounts. All treatments were replicated three times. Plants were harvested after 
four weeks, and dry plant mass and N concentrations were determined. 
 
At all nitrogen application rates, ammonium-loaded MesoLite produced higher plant mass 
than plants fertilised by the chemical fertiliser. The lower fertiliser effectiveness of the 
chemical fertliser is attributed to possible loss of some N through volatilisation. The 
MesoLite fertilisers did not show any adverse effect on availability of macro and trace 
nutrients, as shown by lack of deficiency symptoms, dry matter yield and plant analyses.  
 
Nitrogen loaded on to MesoLite in the form of exchanged ammonium is readily available to 
plants while remaining protected from losses via leaching and volatilisation. Spent 
MesoLite appears to be a suitable and effective fertiliser for a wide range of soils, 
particularly sandy soils with poor nutrient holding capacity. 
 
INTRODUCTION 
 
In wastewater treatment plants based on anaerobic digestion, supernatant and outflows 
from sludge dewatering systems contain significantly high amount of ammonium. 
Generally, these waters are returned directly to the head of wastewater treatment plant 
(WWTP), thereby increasing the total nitrogen load of the influent flow. Removal of 
ammonium from these sidestreams is emerging as a viable option for reduction of nitrogen 
load of the WWTP (Janus and van der Roost, 1997, Mackinnon et al, 2001).  
 
Mackinnon et. al (2001) showed that novel ion-exchange materials offer a high potential 
for removing ammonium from WWTP and recycle the nitrogen into a variety of 
commercially useful forms. Removal of up to 95% of ammonium from side streams is 
projected to reduce overall inlet demand at a WWTP. Nitrogen reductions between 15% 
and 30% can be achieved at discharge using side stream removal methods.  
 
The ion exchange material used by Mackinnon et al. (2001), called MesoLite, deteriorates 
with long-term use due to mechanical degradation and regenerantion process. At some 
stage, spent MesoLite needs to be replaced by fresh material to maintain the efficiency of 
the process. To ensure that a sustainable process is utilised a range of potential 
applications for this “spent” MesoLite have been evaluated. The primary focus of 
evaluations has been the use of ammonium-loaded MesoLite as a source of nitrogen and 
growing medium for plants.  
 
MesoLite is typically manufactured, using a facile chemical process, from kaolin, which is 
an abundant clay mineral present in most landscape settings. Apart from a high cation 
exchange sites, elemental and physical properties of MesoLite are largely similar to 
naturally occurring clay minerals so that its application to soils or other plant-supporting 
medium is an environmentally safe option.  
 
A fully saturated MesoLite contains up to 7% nitrogen, which is a similar content to some 
conventional slow release fertilisers. It may have advantage over soluble fertilisers in that 
N is held in an insoluble matrix and is gradually released according to exchange 
equilibrium. Many conventional N fertilisers are water-soluble and thus, quickly release the 
bulk of the applied N into the soil solution, which is liable to losses through volatilisation 
and/or leaching. On average, up to 50% of the N delivered by a typical soluble fertiliser 
can be lost through these processes.  
 
Ammonium loaded MesoLite may be particularly suited to sandy soils. These soils have 
low nutrient holding capacity and high water conductivity. Consequently, nutrients applied 
as highly soluble chemical fertilisers are prone to losses via leaching and volatilisation. 
However, before ammonium loaded MesoLite can be considered a suitable fertiliser it 
needs to be established that (i) N held on its exchange sites is available to plants at a 
sufficient rate (ii) and that MesoLite does not strongly sorb other macro and micronutrients, 
making them unavailable to plants. Therefore a major aim of this study was to establish if 
N held by MesoLite is readily available to plants and MesoLite does not cause deficiency 
of any other macro or micronutrient. 
 
METHODS AND MATERIALS 
 
MesoLite materials with cation exchange capacity (CEC) of 494 and 233 meq/100g were 
manufactured from kaolin as described by a patented process. These materials have been 
used to remove ammonium from the digester side stream at the Oxley Creek WWTP in 
Brisbane, Australia (Figure 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic diagram showing outline of a typical wastewater treatment plant. KAD 
is being trialled to remove ammonium from the side stream (green box) carrying 
ammonium rich (1000ppm) water back to the influent line. 
 
MesoLite materials fully saturated with ammonium have been evaluated as a nitrogen 
fertiliser in a glasshouse experiment. Rye grass is grown on white sand in one-kg non-
leaching pots. Nitrogen is applied at a number of rates using ammonium sulphate (AS) and 
two MesoLite materials carrying 7% and 3% nitrogen, respectively (Table 1). The final pH 
of the soil after adding treatments was below 7.  
 
Table 1 Application rate to soil and characteristics of KAD materials. 
 CEC meq/100g 
N content       
(%) Application rate (mgN/kg) 
KAD-1 494 6.92 4.7 9.4 18.8 37.5 75 150 
KAD-2 233 3.26 4.7 9.4 18.8 37.5 75 150 
AS - 21.2 6.2 12.5 25 50 100  
 
All other nutrients were applied in adequate amounts. All treatments were replicated three 
times. Plants were harvested after six weeks. Plant dry mass and concentrations of N and 
other major and micronutrients were determined. Total plant N calculated by multiplying N 
concentration by plant dry mass. 
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RESULTS AND DISCUSSION 
 
The plant germination rate for all MesoLite treatments was excellent and similar to that of 
control and AS treatments. For all pots, it was necessary to thin the seedlings to 10 per 
pot.  
 
Plant growth after 4 weeks for various treatments is shown in Figure 2. The growth was 
minimal in control pots and gradually increased with N application rate for all fertilisers. 
Plant growth showed a large response to nitrogen application rate, thus validating the 
experimental conditions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plant growth across the treatments can be compared visually by vertically corresponding 
pots. Note that N application rate for vertically corresponding pots for MesoLite 1 and 
MesoLite 2 in Figure 2 is 30% lower than that for AS. Although pots fertilised with Meoslite 
received 30% lower nitrogen, plant growth in these pots after 4 weeks appears equal to 
that in pots fertilised by AS.  
 
After six weeks, plants were harvested and dry mass for each pot determined to obtain 
quantitative data to support visual observations shown in Figure 2. A plot of plant dry 
mass, an average of three replications, against application rate is shown in Figure 3. Pots 
Figure 2. Photographs of pots fertilised with various levels of nitrogen as ammonium 
sulphate, KAD-1 and KAD-2. Please note the application rate for ammonium sulphate is 
30% higher than that for corresponding pots fertilised with KAD fertilisers. 
fertilised with MesoLite produced significantly higher plant mass, at all nitrogen application 
rate, compared to those receiving AS.  
 
Nitrogen recovered by plants from each pot was calculated by multiplying the plant dry 
mass with nitrogen concentration determined by plant analysis. A plot of plant N against 
application rate is shown in Figure 4. The dotted line in the figure represents the 100% 
recovery line. The recovered plant nitrogen is less than 100% for all the fertilisers because 
some of the nitrogen is lost through volatilisation and a small fraction is retained in roots 
which were not included in the plant dry mass. The plant N for AS is significantly lower 
than that for MesoLite 1 and MesoLite 2 for all application rates.  
 
The best way to compare two fertilisers is to determine the relative agronomic 
effectiveness of the test fertiliser against a standard fertiliser, ammonium sulphate in this 
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Figure 3. A plot of plant mass against nitrogen application rate. The KAD based 
fertilisers showed higher plant mass at almost all levels of N application. 
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Figure 4. A plot of nitrogen recovered by plants against nitrogen applied per pot. Pots 
fertilised by ammonium sulphate require about 30% more N than those fertilised by KAD 
to yield same level of plant N content. 
case. Relative agronomic effectiveness is defined as the relative amounts of fertilisers 
required to obtain a given plant yield or nutrient content, and is calculated as shown in 
Figure 4. RAE for MesoLite fertilisers is 1.30, which means that 30% more AS is required 
to obtain the same N content as that derived from MesoLite fertiliser.  
 
Plant analysis showed that dry matter of all treatments contained all other nutrient 
elements in sufficient concentrations for optimum plant growth, demonstrating that 
MesoLite fertilisers did not sorb any of the these nutrients strongly enough to make them 
unavailable to plants. 
 
CONCLUSIONS 
 
The following conclusions may be made from the study. 
 
• Low cost material, MesoLite, derived from kaolin can efficiently remove ammonium 
from wastewater.  
• Ammonium present on exchange site of MesoLite is readily available to plants. 
• On the very sandy soil, ammonium-loaded MesoLite produced significantly higher plant 
mass than for ammonium sulphate. 
• On the basis of plant N content, the agronomic efficiency of N in KAD fertilisers was 
30% higher than for ammonium sulphate (i.e. RAE=1.30). 
• The MesoLite materials did not show any adverse effect on the availability of other 
nutrient elements, as evidenced by lack of deficiency symptoms and plant analysis. 
• These data suggest that MesoLite-based fertilisers may be suitable substitutes for 
water soluble N, K and other cationic fertilisers for leaching soils. 
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